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¢ INTRODUCTION E
This annual report to the Air Force Office of Scientific Research |
under contract F49620-80-C-0022 describes work accomplished from
b
* October 1, 1979, through September 30, 1980, by personnel of the g'
Optical Sciences Center. fi
On the following pages we discuss the objectives of cach task, i
' the progress made under that task, written publications and interactions eé
resulting from the work, professional personnel and students associated ;
with the individual research e¢fforts, degrees obtained through work |
' on the tasks, and consultative and advisory functions to other labora- .j
tories and agencies. ”é
' i
{
L 4

R = '

’ . 4 .—‘
B . -~

e VAN Tondd %
t A.-..ll IV Sel

' :-p.'f:dl




TWO-DIMENSIONAL PHENOMENA AT SURFACES UNDER HIGH ELECTROMAGNETIC FLUX

(A. B. Meinel, R, Zito)

Objective

The objcctive of this two-year study, begun this year, has been to
evaluate the relative merits of reflective thin films materials uscful
in solar cnergy technology, as mirrors for laser weapons, and as protec-
tive coatings in laser warfarc. Three phases of the study were
considered:

1. Laboratory tests of film failure at high temperatures (to pro-
vide an estimate of tempcratures and therefore fluxes needed for the
in-flux tests of phase 3.

2. Passivation studies.

3. In-flux tests.

Progress

Phase 1 of the objective has been completed. Although originally
we intended to study only the soft reflecting metals Al, Cu, \g, and
Au, we extended our study to include N1, Cr, Rh, Pt, W, and Mo. The
surface morphological changes of these metals were studied as a function
of temperature for l-hour anncals; such changes included pinhole forma-
tion, agglomeration, cracking, peeling, oxidotion, recrvstallization,
and the interdittfuston of atoms across surfaces in multidaver sclective
surtaces.  Tests were carriced out in both vacuum and air on various <ub-
strates (fuscd sitica, sodu-lime plass, silicon waters) of uniform com-

posttion and cleannenss,




Of all the metals studied, platinum reflectors scem to be the most
durable at high temperatures (and thercforc high fluxes) in air. Of

the base metals studied, nickel reflectors are most durable at high

temperatures in air. In one case, the effect of anncaling specimens in

D P

tle and Il was evaluated.

We have developed mathematical tools to enable us to predict the
temperatures at which film failure occurs, and these predictions agree
well with experiment. We have also uncovered the relationships between
various film defects and studied their evolution from film deposition
point defects to complcte breakup (agglomeration) at high temperaturcs.
In most cases we used materials of exceptional purity, as use of such
materials makes it ecasy to spot trends in the mathematical analvsis of
test results. A few materials were of industrial quality, as it is in-
teresting, from a practical point of view, to know the failure tempera-
ture of these materials; tests on these materials also provided a gauge
for determining how well theorctical cxtrapolations from data on ideal
materials may work in the industrial realm, where purity of matcrials i
may be sacrificed to produce low-cost, mass-producced products.

We recorded surface features before and after heating by scanning
clectron microscopy and by both tyansmission and reflection optical
microscopy. Crystal structures were explored by electron and x-ray

diffraction. Transmission electron microscopy was used to explore grain

stze,  there is a certain amount of art involved in cvaluating surfice
changes.  Frequent ly we would photograph a characteristic maik, defeet,
or discoloration in the surrounding metal so that we conld return to

this characteristic spot after heating.

&
X
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The failure temperaturcs presented in the resulting rcport] will
provide a ready data reference for estimating the high-temperature per-
formance of the multitude of '"stack' seléctive surfaces (tandem stuacks,
inverse tandem stacks, interfercnce stacks, etc.) in existence today
and planned for the future. The collected data will also be uscful in
the design of selective stacks since they will indicate when and where
stopper layers should be us ‘: in the determination of the thermal dur-
ability of electronic components employing metallic coatings; and in
the determination of the performance of simple metal coatings used on
concentrating and flat-plate mirrors subject to high solar flux and
heat, and on military mirrors used for laser weapons.

Phase 2, passivation studies, has also bcen completed. These
studies were originally scheduled for the second vear but instecad were

done in the first year. The temperaturcs, atmospheres, coeftficients of

thermal expansion, and conditions of thcrmal cycling were established
that would ensure the integrity of a film or composite stack of films
against failure due to cracking, agglomeration, pinhole formation,
peeling, oxidation, and interdiffusion into Al,0; overcoatings.

Phase 3, in-flux studies at one of the solar thernmal test facili-
ties, was originally scheduled for the first ycar but has been reschoed-
uled for the sccond year. We expect these in-flux tests to show slightly i
lower failure tomperatures than those obtained in phases 1 and 2 of

this project.

'

1. R. R. Zito, "The High Temperature Behavior of Thin Metal Films,!
PhD Dissertation, University of Aricona, 1980,




Publications and Interactions

R. Zito, "Failurc of reflective metal coatings by cracking,'" Thin Solid
Films, to be publirshed.

R. Zito, "Line broadening in x-rays diffracted from thin films,” to be
submitted to Thin Solid Films.

R. Zito, "The high temperature behavior of platinum films," to be sub-
mitted to Thin Solid lFilms.

R. Zito, "A close look at the agglomeration of gold," to be submitted to
Thin Solid Films.

R. Zito, "A comparative study of the bechavior of ten metal films at high
temperatures in air," in preparation.

R. Zito, "Two-dimensional melting phenomena and surface defects in
metallic thin films," paper presented at 0SA Topical Meeting on
Optical Phenomena Peculiar to Matter of Small Dimensions, Tucson,
Arizona, March 18-20, 1980.

R. Zito, "Failure of reflective metal coatings by cracking,' paper pre-
sented at Second Solar Reflective Materials Workshop, San Fran-
cisco, Calif., Feb. 12-14, 1980.

Professional Personnel Associated with This Effort

Aden B. Meinel, Principal Investigator

Richard R. Zito, Co-Principal Investigator

Louis Demer, expert in x-ray methods

Henn Oona, expert in proton induced x-ray analysis

Degrees Awarded

Richard Raymond Zito, PhD (Physics) completed Sent. 12, 1980,
Dissertation titlec: "The High Temperature Behavior of Thin Metal #ilms"

ettt i iiini b st




SURFACE AND VOLUME SCATTERING OF REFLECTORS AND REFRACTORS

(William L. Wolfe, R. V. Shack)

Objective
To improve the instrumentation and technigues for the measurecment

of the angular scattering propertics of useful materials.

Progress

The manually operated prototype instrument has been used to refine
the techniques of making angular scattering mecasurements in both reflec-
tion (BRDF) and transmission (BTDF). Computer programs have been de-
veloped and used for calculating and plotring the BRDF and BTDF data.

Measurements were made on gold-coated sandpapers to cstuhlishvu
reference standard for BRDF measurcments. Other measurenents were made
on transmitting samples, which enabled a better understanding to be
developed in the use of the partial coherence theory of scattering.

While the manually operated prototyvpe instrument was being emploved
as described, work continued on the design, development, and construc-
tion of the autvmated scatterometoer.  This new instrument is at the
stage where about 85 percent of its hardware is completed and about 75
percent of the software required for its operation has been developed.
The far-infrared laser that was incorporated into the automated instru-
ment has been operated at 118 and 1.7 .

Some scattering measurements have been made at VIS owm. o Sceveral
smatll separvately funded programs have been undertaken to provide vari-

ous povernment apgencies with the scattering Jdata they voquire. The




performance of the work under these programs and this program has been
synergistic, with great advantages accruing to all of the effort.
Some of the accomplishments under the other programs are described

under the section entitled "Consultative and Advisory Functions."

Publications and Interactions

Wolfe, W. L., and ti. P. Stahl, "Somec calculational results using multi-
color radiation inversion,' presented at OSA Annual Mecting, New
York, Oct. 1979; published in Infrarcd Phys. 20: 293-290, bebh. 1980,

Wolfe, W. L., "Effects of reflected background radiation on radiometric
temperature measurement,' presented at SPIE, Washington, D.C.,
April 10-11, 1980; published in Proc. SPIE 2206, 1980.

Wolfe, W. L., "Comparison of coherent and incoherent imaging in the lo-
cation of point sources," presentcd at SPIE, Washington, D.C.,
April 10-11, 1980; published in Prec. SPIE 226, 1980.

wWolte, W. L., co-editor of [roc. SPIE 226, 1980.

Bartell, F. O., E. L. Dereniak, and W. L. wolfe, "The theory and mea-
surement of BRDF and BTDEF," presented at SPIE meeting, luntsviile,
Ala., Oct. 2, 1980; published in Proc. SPTE 257, 1980,

Brooks, I.. D., and W. L. Wolfe, "Microprocessor-based instrumentation
for bidirectional reflectance distribution function (BRDE) measure-
ments from visible to far infrared (FIR)," presented at SPIE
meeting, Huntsville, Ala., Oct. 2, 1980; submitted to Opt. Ing.

Dereniak, E. L., and T. Stuhlinger, '"The usc of gold-plated sandpaper
as a BRDE standard,” presented at SPTE meeting, Huntsville, Ao,
Oct. 2, 1980; submittad to Appl. Opt.,

Derveniak, E. L., T. W, Stuhlinger, and 1. O, Bartell, "Bidirectional
reflectunce distribution function off pold-plated sandpaper,' pre-
sented at SPTE meeting, Huntsville, Ala,, Oct. 2, 19807 publishaed
in Proc. SPHE 257, 1980,

Fender, 0. S0, "Streay vadiation analysis progeams (GUERAS THE-APART Y
PADE) : A uscer's vicwpoint ' presented at SPLE mecting, Huntsvildie,
Ala., Oct. 2, 1980; published in Proc. SPHE 267, 1980,

Wolfe, W. L., "Scattcered thoughts on baffling problems " presented at

SPIE mecting, Huntsvilic, Ala., Oct. 2, T980; published in roc.

SPHE 267, 1980
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Bartell, F. 0., E. L. Dereniak, and W. L. Wolfe, "BRDF and BTDF measure-
ment considerations," presented at annual meeting of Optical Soci-
ety of America, Chicago, I11., Oct. 15, 1980; submitted to Applied
Optics.

Wolfe, W. L., and H. P. Stahl, "Three-color radiometric temperature de-
terminat ions," presented at annual meceting of Optical Socicty of
Amcrica, Chicago, Il1l., Oct. 15, 1980; submitted to Applicd Optics.

Baltes, {I. P., and W. L. Wolfe, "K-correlations and facet models in

diffuse scattering--experimental cvaluation,' submittced to Optics
Letters.

Professional Personnel Associated with This tfforg

William L. Wolfe, Professor

Eustace L. Dereniak, Assistant Protessor
Fredcrick O. Bartell, Research Associate
Steven Lange, Rescarch Assoclate
Lawrence D. Brooks, Student

Janet S. Fender, Student

Sungmuk Lee, Student

Tillman Stuhlinger, Student

Yaujen Wang, Student

Degrees Awarded

Janct S. Fender, PhD (Optics), 1981
Dissertation title: "An Investigation of Computer-Assisted Stray Radia-
tion Analysis Programs"

Lawrence D. Brooks, PhD (Optics), expected 1981
Projected dissertation title: A Microprocessor-Pused Malti-Spectral

Scatterometor'

Tillman Stuhlinger, MS (Optics), expected 1981

Using the technigques and instruments that have been improved under

the program, we have made specitic measurements and calceulations, under




scparate funding, to further various military and spacc programs. Thesc
are described below.

Under a contract with the U.S. Army Materials and Mechanics Re-
search Command at Watertown, Mass., under the monitorship of Dr. Anton
Hofmann, we have made a determination of the surtface and bulk scatter-
ing of InSe windows in the visible and the infrarced.  We have provided
BRDFF data in tuce infrared on series of special blacks by way of a sub-

-

contract with the Breault Rescarch Organization and Gruman Aiveraft to
an undiscloscd military sponsor.

We have consulted with Eugene Church at IRADCOM at Picattiny, New
Jersey, on the comparison of scattering theory and BRDF measurements.

Under separate contract we have provided infrared scattering and
baffling design data to the Army BMDATC for its Forward Acquisition svs-
tem (FAS).

Under a reccently completed subcontract with Scicence Applications,
Inc., we have provided Major Seid at USAF SAMSO with infraved BRDE
data and scattering and off-axis rejection design data tor the Deep
Space Surveillance System (DS?).  We have recently completed a contrict
with the Navy's David Taylor Rescarch Center whercin we provide then
with the visible and infrared scattering characteristics of various
types of Navy paints,

We arce presently working on our second contract with Vought Cor-
poration Mvanced Technology Center, wherein we are investigating the
infrared scattering properties of phase change i tms

We have worked on oo subcontract from \erojet wherein we determined

the cffect of o nuwelear radiation exposare on the scattoring propertie:
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of zirn~ _(lenide windows. We have also provided BRDE data, design
changes, and APART scattering calculations to Dr. larold Bennett under
a small Naval Weapons Center contract, which may greatly increase the

acquisition range of one of that center's missiles,




LICHT SCATTERING FROM REFLECTIVE OPTICAL SURFACES

(R. V. Shack, D. Thomas)

Objective

The primary goal of this study was to examinc experimentally the
particle contaminant contribution Lo the scattering of visible light

from front-surtace mirrors.

Progress

The objective was achieved through the dissertation research work
of Dr. Thomas (sce Degrees Awarded, below). Excepts from his disserta-
tion abstract are as follows:

[The contribution of particle contaminants to scattering of light]
can be significant even for carefully prepuared and handled mirrers, and
. . . surface particulate scatter can qualitatively explain discrepan-
cies that have been observed by other authors between the shapos of
measured scattering profiles and those of profiles predicted for scat-
tering from smooth surface microroughness. Scattered light distribu-
tions are also recorded and discussed for several diffuse reflectors.

A careful description is given of the operation and limitations of
a device used to measure the angular distribution of light scattered
from nominaliy tflat, vetlecting optical surfuces.  ‘The sample i1lumina-
tion anele and polarization of the incident bome can both bo varicd with
this instrument, and orthoconal polarization components of the scattoered

light can be independent Iy measured.

= - 8 el ool % MNP i3




The scattering levels of most of the studied mirrors arc shown to
be in good agreement with their photogruphicully recorded degree of
particulate contamination. The shapes of the scattering profiles mea-
sured for a few of the samples are also in general agrecment with the
overall sizes of their particulate contaminants. Further insight into
the naturc of surface particulate scattering is derived from scveral
experiments involving deliberately altered or contaminated sumples.

The polarization state of light scattered from both smooth and
rough reflecting surfaces is experimentally determined and discussed.
Results obtained for the smooth samples are shown te be qualitatively
explained by a simple model for scattering from surface particulates.
Invariance properties are also empirically determined for the scattered

light profiles of several samples.

Professional Personnel Associated with This Bffort

Roland V. Shack, Professor
William [.. Wolfe, Professor
David A. Thomas, Graduate Student




NEW APPROACH TO OPTICAL PROCESSING

(H. H. Barrett, A. F. Gmitro)

Objectives
1. To operate an image orthicon TV camera in an unusual bipolar

mode, in which cither a positive or negative charge can accumulate on

the target. i
2. To use this bipolar mode as the basis for synchronous demodu-

lation of a modulated light beam.

3. To use the orthicon in conjunction with a photoclastic modu-

lator in the pupil planc of a lens as a general-purpose noncoherent

optical processing

svstem,

Progress

We have achicved the first two objectives stated above. We have
shown that the camera can be operated in an abnormal region where neca-
tive charge rather than positive charge accumulates on the tarvet. We
have demonstrated this and the synchronous demodulation capability
afforded by this phenomenon by means of scveral experiments:
(1) Using an array of LEDs, we modulated scveral in the arrvay and
left the others running continuously.  We applicd the synehronous modu !
lation siynal to the camera, on top of a variable bias.  This combined
sipgnal was the photocathode-to-target acecierating voltage,  he ob-

served that at high bias all the LEDs were visible o in the image as

expected.  As we lowered the bias voltage toward the 8 Iocondition
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(that is, voltage for which we get a single sccondary clectron per an-
cident photoclectron), we observed that the entire image dimmed but
that the lights operated strictly de dimmed faster wntil, at the ' ¢ |
point, they disappecared altogether, leaving only the modulated LEDs
visible. This experiment verifies that we indeed have a negatinve
charge cancellation of the positive charge and thut we can use this
fact to svnchronously demodulate a modulated signal.

(2) We have done similar experiments with a spinning resh (chopor o
where we derive a reference signal from the chopper and usc this to
synchronously demodulate the chopper rotation.

(3) We have also demonstrated the modulation/demodulation proce-~s
with the photoelastic modulator. We used the photoelastic modulutor to
modulate part of an input scene and, by meanz of the camera, demodulatad
the scene so that only the modulated porticn remained vizible.

We are currently trving to quantify the performance of the totul
system as it applies to objective 3. Important considerations arc
dynamic range and resolution.

Another arca of application for this orthicon device is in hetore-
dyne interferometry.  We have already demonstrated oneration ot oh
camera at about 100 KHz with the LEDs and therctfore expect the hetoro-

dyne experiments to be straight forward.

Pablications and Interactions
I . Barrett, N0 B Goitro, and MooYLo Chiu, "e of an imaee orthieon
as an arrvay of Jock-in ampliticrs," Opt. ettt Nov, 1980,

Presentation of principles and vesolts at Optical Socicety of America
Annual Mectine, Chicavo, 1980,
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H. H. Barrett, Professor
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they tend to be slow and have lTimited spatial resolution.  The sccond
impediment 1s noise.  Cohcrent optical systems are notoriously suscep-
tible to speckle and other forms of noise.

Both of these dittficulties can bhe circumvented through the usce of
noncoherent optical processors. Any noneobicrent Ticht source such as o
CRT or an arrayv of Tichr-cratting Jiodes s 0 good inpet nedium for noen-
coherent jrocessing. Purthermore, o recent analyvers has shown thiat
noncoherent processor- cab orter an advantaye an o sienal-to-nei=e rate
of ax much a~ o factor of Bu0 cver therr cohorent counteryart .] he
drawback to noncoherent <y :tems was once thought to be intflexibility
that 15, the class of lter functons that coaad be dnplanented seened
to be ratber Tomteds o cartooular, only positive detirite impul s

responses are roadi by attianablos Tt s now clear, howevor, that an,

arbatrars bavolar o coen cors fox folter can o be odmp o nted o cath b
Werng twe o onere paralliel cptocal channels oo by tenpor il
trally modulat o the projportie - of o ~tnele channel . [ el by

tron of the puril fosction - f the optical sustem to o santhesaoe o dered

OIE e pontrcalartc artractove. e hove asad this aporeash an o Tal

R IR T O O SIS PR B S TS bl ool s o Wt et ot

crenal e road out o wathe o s e, mechanooa e s canne D Ao et o and

dewodalared worn T oe e it e B o e D
notcoleront oyt s NS R ATERNY FE O IVE O IO B N Y SRS A
o [ I R B oot e Whoo b . !
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The basic idea is to exploit a widely known but little used prop-
erty of image orthicon television cameras. By varying the target
voltage in these cameras, we can alter the amount of charge deposited
on the target for a given light intensity. For large accelerating
voltages (the usual operating condition), the net charge deposited is
large and positive (sccondary emission ratio & » 1). As the accelerat-
ing voltage is reduced, the charge deposited is reduced until it finally
goes through zero and beconmes negative (77 1), Thus the orthicon can be
a bipolar image detector. To muke usc of this property in a noncoherent
optical processor, we proposed to temporally modulate the pupil func-

tion of the svstem with an electro-optic or acousto-optic modulator in

such a way that the svstem point snread fuiiction i1s the positive nart
of the desired bipolar tilter function during one half-cyvcle ot the #
modulation, and the neeative part during the other half-cvele. The
input Jdata (for example, trom a CRT or photographic transparency) arc

in the object planc of this optical system, and the filtered data appear
in the image plane where the orthicen is located.  The accelerating
voltage of the orthicon is switched between the 8 < 1 and 3 = 1 condi-
tions in synchronitam with the pupil modulation.  Thus cach clement of
the orthicon target 1= accumualat ing negative charge while the optical
svsatem is switched to the nepative part of the filter fimction, and
positive charge for the positive part.  In brict, cach clement nde
vemdent iy pertorm o optaeal detector and synchronons denedalats

Since an orthacon has about 1000 - 1000 pesolvable clements, 1t 1 the

tunctrenal cquivalent of a million Tock an anplitie




18

QUANTUM OPTICS AND LASER PHYSICS

(M. 0. Scully, S. Zubairy, G. Moore)

Objectives
Quantum optics and laser physics reseuarch in the arcas of general
relativity, laser spectroscopy, quantum theory of radiation, heterodyne

detection, photon statistics, and quantum nondemolition measurcment <,

Progress

In the arca of the theoretical study of proposed tests of peneral
relativity, we have proposed an optical test employing an carthbound
ring laser interferometry to test metric theories of gravitation. The
proposed test would be sensitive to a preferred frame in the universe,
to the geodetic precession, and to the Lense-Thirring effect.

We have made theoretical studies on new technigques for achieving
resolution beyond the natural JTinewidth, timited by the ditference be-
tween the decay rates rather than their sum.  Thesc techniques provide
the possibility of enhanced spectral resolution, as well as giving a
direct measurement of the difference hetweon the Jdocans retee,

We have studied quantum beat phenomena to elucidate the internal
consisteney of :‘dll'l\‘l.:l.\:~'lc;ll radiation theovies. A siaple cvamplo 1+ g
case in which the resalts ot o selt-consivtent fully guantr od cal i

tion dirffor wab tantially Srom the o obtarncd ho oo o 0 o b

cal theory cven when augmentod by the notron of vacuo D lhactuat tone

We investipated the noise Timitation. in the optical heterodon

detection, he conctade that aa ieproverncnt over the Preoont o hot e




limit can be made if a light source whose photon distribution function
i1s narrower than Poissonian is employed as a local oscillator. We
studied the photon statistics in multiphoton absorption and emission
processes and obtained exact solutions for the reduced density matrix
of the field. We have shown that the photon statistics leads to the
possibility of observing antibunching in multiphoton absorption
provess.,

Other groups working in the detection of gravitational radiation
have rccently proposed new measurcment techniques, and these techniques
may have applications in quantum optics. We have investigated the ef-

fects of quantum noisc in measurements of this type.

Publications and Interactions

M. 0. Scully, "Suggestion and analvsis for a new optical test of gencral
relativity,” in H. Walther and K. W. Rothe (eds.), Lascor Spectros-
copy IV, Springer-Verlug, 1979, p. 21,

MooOL Scully, "On quantum beat phenomena and the internal consistency
of semiclassical radiation theories,™ in A, O. Barut (¢d.}, Foun-

dations of Radiation Theory and Onantum Electrodvnamics, Plenum,

1080, p. 1A

Moo PooHauean, MO O Scully, and K. JTust, "A proposcd optical test of
profoerced tranic commoelesios, Phosy Letto 774 820 1asn,

Po Mevstee, Mo 00 scullv, and L wWalther, "iransient Line narrowino:
A laser spectroscopie technique vielding resolution beyond the
natural Linewidth " Gptice Commun. 35000 155-107 ) May 1980,

Mooso Zubarey and G0 0 Yeh, "Thoton ctateotic s in o wl ey hoten abinorn

X}

tiron and cmnssaon proceses ) Phive s Reve v D 2o0e o 1aso,

PooMevatre, He halther, and Mo 00 scab v, "rancaent Tine norvewine:
Faver cpevtroscopie technngue yvicbdinge rosolntron bovond the naty
ral Linewrdth (oovited paper), Sleventh ITnternational Quoantuom

Al

Flectronies Conterence, Boston, Moao ) Jdune 23 26, 1O8D 0 abetpract
ol Opt s socs AmL TO(6) 0 LI5S0 0 dnne 1980,
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M. 0. Scully, M. S. Zubairy, and M. P. Haugan, "Cosmologically prec-
ferred frame and Sagnac interferometry," presented at Eleventh
International Quantum [lectronics Conference, Boston, Mass., Junc
23-26, 1980; abstract in J. Opt. Soc. Am. 70(6): 618-619, June ]
1980. ;

M. P. MHaugan, M. 0. Scully, and M. S. Zubairy, "A proposecd optical test
of metric gravitation theories," presented at 9th International
Conference on General Relativity and Gravitation, Jena, Last CGer-
many, July 14-19, 1980.

M. S. Zubairy, "How to beat photon noise in heterodvne detection,' pre- 3
sented at Workshop on Interface Between General Relativity and !
Quantum Optics," Garching, West Germany, .July 21-25, 1980.

M. Hillery, "Quantum noise in quantum nondemolition measurements,' pre- i
sented at Workshop on Intertface Between General Relativity and
Quantum Optics,’ Garching, West Germany, July 21-25, 1980. )

.
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J. Small

P. Goode

H.-W. Lee




INTERFEROMETRIC MEASUREMENTS OF DISPLRSTON IV OPTICAL FIBER WAVECULIDLS

(J. J. Burke, W. D. Bomberger)

Objective

Our objective this yvear wias to demon trate the validity of o nes
tdea in fiber measurement: that pul-o broodtening oo i lo-mde Siher
can be measurced without broadband clecronre and witdho o hors b ¢

lengths dre less than | ometer.

Progress

We are pleased to report that this objective has boen met. A pulse
broadening of 77 picoscconds per hilometer of fiber Ten:th por nanecnctor
of source bandwidth wos mecasured with a cw GaAlAs laser diode (0 =
0.87 um), coupled to a single-mode borosilicate fiber 20 ¢ lons. Vor
comparison we note that the prior art required fiber lengthy of 1 kwoor
more and clectronics with gigahertz bandwidth.  Our clectronics had
only 1 KHz bandwidth.

During the tall of 1979 we ordered the components of the scanning
interterometer we had desioned and the stable table thaet supports i,
By early spring of 1080, all the parts had been received and were assem-
bled. Initial attempts to demonstrate the principle with the use ot a
tiltered xenon are at visible wavelensths were not detinitive. The
sipnab Teveis were too smald, and the available fibers cuprorted more
than one mode.  We theretore switched to o Lacer diode wouree that oo

vided omple sienal styeneths bt oo waveleneth where the tibers were

sange e mede, the exvpectad resalts were coon manifest) thoneh the




complicated power spectrum of the laser source, operating close to

threshold, made detailed interpretation of the interferograms difficult.
As indicated uabove, we have now completed the initial phase of inter-
pretation, and are accordingly able to measure the quantities that
govern pulsc broadening. The interferograms contain much additional
information uabout the power spectrum of the laser source and the fre-
quency response of the fiber. Not only are pulses brouadenced, but their j
shape can change dramatically. We are now exploring digital technigues
for acquiring and analyczing the interferograms. We anticipate that we
will ultimately be able to completely characterize the cffective re-
fractive index of a single-mode fiber at any frequency of interest,

even in the '"zcero dispersion' regien near 1.37 um, where conventional

measurcments are extremely difficult.

Publications and Interactions

We are preparing a formation publication of this work, anticipat-
ing submission to the Journal of the Optical Society of America. In
addition, this work was the substance of Dr. Bomberger's recently com-
pleted doctoral disscertation (sco Degrees Awarded, bolow),
Dr. Bomberger presented a paper on this work at the Annual Mecting
of the Optical Society in Chicago on October 15, Dro Burke give a '
similar paper at the Symposium on Optical Fiber Measurements in Boulder,

Colorado (NBS), on October 29,

We anticipate that this work will substantially influcoce the of

forts of others in the fictd of fiber characterization.  Dr. Kenneth

White of the British Post Office has teleaxed hos destre 1o vieat o




laboratory, and at the meeting in Boulder, mentioned above, he discussed

the work at length with Dr. Burke.

Professional Personnel Associated with This lffort

J. J. Burke
W. D. Bomberger

Degrees Awuarded

William Bembercer, PhD (Optics)

Dissertation title: "Interferometric Measurement of Dispersion in
Optical Fibers"




EVAPORATED THIN FTLM LENS SYSTEMS FOR INTEGRATED OPTICS

(0. N. Stavroudis, A, F., Turner)

Objectives

This is the third in a series of yvear-long studics to provide the
background necded to design and make thin-film components for intc-
grated optical (10Y circuits.  The emphasis has been on nultilaver wive-
guides and on retfracting clements to be used with them, in narticualur
on aspheric thin film lenses with elliptical contours. The goal s to
understand the behavior of nultilaver thin tilm waveguides and to tuke
advantage of their special characteristics to solve geonctrical opticul
problems of 10 circuitry. This year our objectives were as follows:

1. To demonstrate the advantages in integrated optics of molti-
laver guides with silver cladding.

2. To devise methods of making masKks or stencils capable of
producing lenses consisting of deposits with elliptical contours, as
required by theoretical designs, and of studyving the lenses 2o produced.
3. To construct and install cquipment in one of the costers, tor
the purposce of bombardin: with c¢lectrons the substrate and il dorins

deposition, in an etfort to produce an essentiatly amorphous il

structure with reduced scattering Josses,

Jo To conplete a st of computer program . necdod b the deion o
multrbaver woaverutdes as well as an the analb ot eanporre ntal data
S0 o write computer programs for toleran o previcis deseies of

aspheric beam-expandine ‘collimator lenses,

. [y e PRl A A S
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6. To design louricr transform thin film lensces to be used in

conjunction with the above collimutors.

The first phases of objective 1 were reported in a paper read by
G. Al-Jumuaily at the Optical Society of America meeting on June 3,

1980 a paper is being prepared for publication.  The tYirst nask of
objective 2 hus been tfabricuted and used to make scveral beoam-oxpunding
collimuter thin film lenses, on which ray path studies have been begun.
The equipment described under objective 5 is operational, ready tfor
sample preparation and study, Objectives 4 and 5 have been completed.
The lenses of chicctive 6 are In the design stages.

1. Silver-Clad Waveguldes. We have shown, both theoretically and
experimentally, that the losses incurred by cladding o waveguide
silver can be reduced substantially by inscerting lavers that onhance
the reflectance ot the silver,

The range of mode indices of a waveguide can be extended downward
by depositing the guide on an opaque metal {ilm.  Such an extension is
desirable in the design of 10 lenses and prisms.  But cven 10 sijvaer
is used for the cladding, the guide becomes excessively lossy, particu-
larly toward the lower values of mode indices.  Low incices are crucial
for the interconnect ing wavecsuide on which the optical components of
an 1O cirvcuit will be depositeds The Tosqes e be preathy reduced by
introducing retlection-cnhancing additional lavers; in the present work
this has resulted inoa six-filn structure. Tts dispersion curves, how

cver, hove regions of extreme distortion,  As we attempted to eavplan

e A 1 AR Nl vy
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this behavior it became more and more apparent that the electric field
distribution within the structure must be given major consideration.
Some progress has been made toward qualitative explanations along these
lines.

One of the simplest designs of a low-loss silver-clad waveguide
was selected tfor extersive study with both numerical calculations and
experimental verification on many samples.  All of the samples were

made with standard vacuum cvaporation methods.  The design is:

AglaL(r.smaLiwipla

where Ag = opayue silver film
. = quarterwave film of chiolite, n = 1,35
H = quarterwave film of SbZOS’ n= 2.1
W = waveguide laver of cvaporated gluss, n = 1,65,
approximately 2 quarterwaves thick
P = film of Sh-0;, of variable thickness to correspond

to a patch optical component {for example, a lens)
deposited on the guiding structure

A = ailr.

In all cascs, the reference wavelength is %y = 0.0633 vm {lle-Ne laser
radiation).

The [2L(1.51)21] unit enhiances the reflectance of the silver over
a very wide angubar (mode index) range, thereby reducing the losses
otherwise incurved by the presence ot the silver.  Experimentally one
measures losses reduced to 10 dB/em for mode indices as low as 1.3,

2. Production of Aspheric Thin Film Lenses by Vacuam Evaporation
Through o Mask.  Several beam-expanding/Zcollimator Tenses have been

deposited on cvaporated gtass wavepuides.  The ienses consist of thin




films of $b,05 cvaporated through the mechanical mask, which produccd

elliptical contoured "surfaces.'" The performance of these lenses has
been examined, and thus far the ray paths through them appear to agrec
with those calculated. It is now clear that un in-depth cxperimental
ray trace study will require better masks; these are now in the desipn
stages and will involve a major cffort.

3. Electron Bombardment. Bombardment of the substrate with c¢loec-
trons during film deposition shows promise of producing a finer grained,

or even umorphous, film. This in turn should reduce the light scuatter-

ing losses in a film--an important factor in waveguide technology vhere
there is now a paucity of evaporable film materials that yield low-
scatter, low-loss filws. Whereas the amorphous evaporated glass films
that we are using have acceptably low losses of 1 dB/cm or less, the
other two materials, Sb,05 and chiolite, arc only marginally uscful be-
cause of scattering. The electron bowbardment method should help cor-
rect this situation and increasc the choice of cvaporable materials
suitable for thin-film waveguide applications. Although the technique
was invented 33 ycars ago and has been in limited commercial use, no
systematic studies on it have been reported in the literature.

To carry out the technique, we have installed auxiliary equipment
in the 18-inch coater. A 10-inch-diameter loop of tungsten wive located
midway between the resistance-heated vapor sources and the substrate
holders scerves as the electron emitter. 1t is heated by 12-V ac
well insulated transformers and held at several KV onegative with respect

to the prounded substrate holders,




Preliminary obscrvations indicate that chiolote films show less
scattering when the bombardment is employed. In the future, special
attention will also be given to films of zinc sulfide and mixed fluo-
rides such as potassium hexafluorozirconate.

4-5. Generalized Waveguide Analvsis. Objectives 4 and 5 have bheen
completed.  In particular, borrowing from certain mathematical concepts
familiar in quantum optics, we have developed a novel method of analyz-
ing a generalized multilayer wavegulde structure for its allowed modes.
The method is expecially well adapted to numerical computer calculations,
A manuscript describing the method (S. A. Shakir and A. F. Turner) has
been submitted to Applied Optics for publication.

6. Fourier Transform Lens Design. The beam-expanding/collimotor
lenses of objective 2 are intended to be used in conjunction with a
thin-{ilm Fouricer transtorm lens, in configurations such us arc being
studied elscwhere for integrated optical RF spectrum analyvzers.  Fourier
Iens designs for present purposes have been begun.

JSOP support for the above-described studies wus terminated on

September 30.

Publications and Interactions

A. E. Turner and S, D, Brewning, "Refracting boundarices in thin tiln
Lighteuides,” SPIE, Mg, 27-28, 1979, san Dicgo, Galif.; Proc.
SPLE 204 55, 1979,

S, AL Shakir and Ao FL Turner, "Methad of poles for maltiltaver thin
film waveguides," submitted to Applicd Optics,

A. F. Tumer and G, Al-Jumaily, "Low-loss Ag-clad thin {ilm wavepurdes
for integrated optics," paper TudATO, Optical Socicty of America
1980 Sprine Conference on Applicd Optics, Mills Colleve, Onkiand,
Cabitf,, May S)-dune 6, 19805 paper in preparvation for pubiicat oon.
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0. N. Stavroudis, Professor

A. F. Turner, Professor Emeritus
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G. Al-Jumaily, graduate student (volunteer)
C.-C. lLec, graduate student

S. A. Shakir, graduate student
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PHASE CONJUGATTON

(M. Sargent [11, R, Shoemiker)

Objective
Our rescarch objectives in the past year have been to study aspects
of phase conjugation. Specitic work has been in the arcus o phase

conjugation with a detuned signal and two-photon phuse conjugation.

1. TPhase Conjugation with a Detuned Signal. Under JSOI support
in January through August 1980, we huve used the narrow-bund reflcction
spectrum to predict pulsed-signal operation. The technique is related
to the y? phasc-conjugation discussions of Yariv et ul.I and Fisher ct

ol

al.”™  The pulse is btourier analyzed, multiplicd by the asplitude spec- .
tral transmission function, and re-summed, vielding the transmitted
pulse. The spectral transmission function is determined from the sio-
nal absorption coefficients. At first, this appears to be fraught with
ditficulty, tor we are using Fourier analysis in a nonlincar problem.

However, we are considering

¢ iincur deviations about a steady state that
is not in thermal cquilibriwn.  Fourier analysis applies, and we dis-

cover information about how the medium attempts to return to thermal

cquilibrium, namely relaxation times, like Ty and To. The transmission

1. A, Yariv, D. Fehete, and D. M. Pepper, Opt. lLett. d4; 52, 1979,

2. R, AL Fisher, ROOR, Suvdam, W, W, Riprod, and B. 30 Feldman, Xith
Internat., Quant. Llectronics Cont,, Doston, Junc 1950,

= e . .



functions look simple enough that we may be able to derive analytic
formulas for simple pulse shapes, like delta and step functions,
Qualitatively, we can predict the effect of the medium on the
transmitted pulse. A delta function signal induces a grating with the
help of the pump wave. The cw pump wave then continues to read out
this grating for as long as it lasts., The effect is much like a bell:
The sound lasts much longer than the blow that created it. Hence the
conjugate pulse consists of something looking like the incident signal L

plus a long pulse with length about cqual to T;. Understanding the

responsec of a medium to a pluse is very important in a number of appli-
cations for phase conjugation and specifically with regard to lascr-
induced fusion. Tt also provides a new and potentially very important
spectroscopic technique.

2. Two-Photon Phasc Conjugation. Also under JSOP support,
Tao-Yi Fu and Murray Sargent have developed the theory of two-photon
phase conjugation. This combines the Abrams-Lind phase conjugation
thcory3 with the two-photon theory of Narducci et u1.4 The signal,
pumps, and hence the conjugate are all chosen to have the same {requency,
and the medium is assumed to be homogencously broadened.  The theory
predicts three significant effects that are absent in the two-level
medium case: (1) a double-peaked reflection speetrum, (2) a Yariv-

.
. . . - . - . . . . IS B
Pepper oscillation (infinite reflectivity) condition™ in an absorber,

3. R. L. Abrams and R. C. Lind, Opt. Lett. 2, 94 (1978); 3, 205 (1978).

4. Lo M. Norduccei, Wo W, Bidson, ', Furcinitti, and P. €. Fteson,
Phys, Rev., ALO, 1665 (1977) .

5. A, Yariv and Do M. Pepper, Opt. Lett. 1, 1o (1977),




and (3) an unbleachable medium. Effects (1) and (2) result trom the

presence of a pure-index contribution to the phase-conjugating polariz-
aticn in addition to a mixed index-absorption contribution. The pure
index term results from off-resonant single-photon trunsitions from
levels that are saturated by two-photon transitions. The corresponding
phase-conjugation contribution involves un induced gruting or hologran
as does that in the two-level atom case.  The mixed index-absorption
contribution dominates at low pump intensities, and results from the
conjugated signal interacting with a two-photon coherence term whose
pump wave-vector dependence cancels out. Unlike the usual two-level
phase conjugation, no population grating is involved in this process.
The double-peaked spectrum results from the interfercence of thesce two
terms: below the effective resonance frequency, they add; above that
frequency theyv subtract, and two peaks occur. Sccond, the purc-indey
conjugation term increases the signal-conjugate coupling enough to
dominate the absorption and produce coupled-mode oscillation cven in an
absorbing medium, Third, wherecas the two-level reflection coceftficient
bleaches to zero at large intensities, the Stark-shifted line center of
the two-photon case prevents bleaching and leads to an intensity-
independent reflectivity at lavge intensitices.

The results of this work have been published in o paper by Fu and
Sargent, and the results and their relationships to carlicr work in
saturation spectroscopy have been summarized by Saveent at an interna
tional conference.  Etforts are under way at the Optical Sciences
Center and clsewhere to sce the two-photon proedictions oxperimentally,

Theoretical work 1o continuing under other funding with special




“
“t

emphasis on spectroscopic applications.  The pulscd-signal work is
being pursued in collaboration with Bob Fisher and Barry Feldman at

Los Alamos.

Publications and Intcractions

Tao-Yi Fu uand M. Sargent I1L, "Theory of two-photon phasc conjugation,”
Opt. Lett. S5(10): 433-435, Oct. 1980.

M. Sargent LD, "Phase conjugation in three, four, and intinite dimen-
sions,'" presented at [CO Conference on Optics in four Dimcensions,
Ensenada, Mexico, August 19805 to be published in the procecedings
of that conference,

Professional Personnel Associated with This Effort

M. Sargent 111
R. Shoemaker
T.-Y. Fu

e A e i o a e e b




MAGNETOSTRICTION

(S. F. Jacobs)

Objective
The magnetostriction studies consist of two parts:
1. A scarch for any magnetostrictive effect in low expansivity
metals (such as ULE, Cer-Vit, Zerodur, and fused silica).
2. A measurcment of magnetostriction in Superinvar and Invar.
The former has never been measured; the latter has been measured

only at large ficld strengths.

Progress

The effort during this period has becen devoted to the building up
of a slave-lascer/stable-laser system. In addition, with support from
NASA, we have completed construction of a cryostat/sample holder, which
will make possible measurement at temperatures approaching that of
liquid helium. The slave laser that is nearing completion is based on
a modification of an incexpensive commercial laser, which was reported
by T. Bacr ot ;ll.] We have improved slizghtly on their transducer per-
formance, by using tubular PIT-5H, and we expect now to be able to
fabricate our own {requency-stabilized lascrs, as well as the slave !
laser, through use ot this new development.

Anothoer arca of proeress is the anstallation of the Jlewtett

Packard Model S5 computer/controller that will antomate onr meaurem it

Looob Bacr, b v Rhowalahi, and o0 Lo Ualby Applb, opro 1or 31750 o




procedure.  This work was made possible by support from the Itek

Corporation.

Professional Personnel Associated with This Effort

S. F. Jacobs, Professor

Further Information (Background)
Figure 1 shows the magncetostriction measurements that had been
made previously: No such eftfects have been measured in low-expansivity

nonmetals, and magnetostriction effects in Superinvar and Invar hove

been measurced only at large field strengths,

Lx\|06

CHLIRICTICN ALy
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FFig., 1. Loneitudinal Magnetostriction in
Fron-Nickel Vloys tor Various Ho{in
Ocrstoeds) (atter Schulzey,




Figure 2 shows the arruangement we are constructing., 1ts sensitiv-
ity (for objective 1) should be better than 10712 ¢em, or aL/L < 10713,
which is the expected scismic background vibration level.

It is planned first to perform the low-sensitivity (AL/L 10'9)

n

Invar measurements by introducing de magnetic fields. later we will
use an alternating magnetic field and narrowband phuasc-sensitive detec-

tion to look for magnetostriction in nonmetals,
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Ust OF HAC DISCHARGE TUBE TO STUDY  CHARGE-TRANSFER  INTERACTIONS

(F. Hopt)

Objective
Our objcective has been to determine whether o hollow-anode, hollow-
cathode (HAC) discharse tube! could be used as a quick and ecasy way or

studving charge-transter interactions,

Progress

The HAC is a modification ot the hollow-cathode discharge (1CD).
An HCD has the property that the voltase saturates’ at about 100 to
300V, so it is limited both in electron and ion energies.  The HAC is
a hybrid between zn HCD and an electron-beam and allows tTor veltages
that, in practice, have exceeded 2000 V. This gives higher electron
and ion cucrgics with improved spattering vield for metal-vaner lascrs
and higher excitation energy for improved laser action at short wave-
lengths.  In addition, the discharge volume of the HAC is physically
separate from the high-voltage volume and is largely frec of strm
ficlds. Hence the Stark shifts are relatively omall.

We tricd three HAC discharge tubes that spanned the stated paramce-
ter ranges of the device, but we were unable te achiceve true HAC per-
formance.  Our results woere intermediate between HAC and HEh o our

voltaces saturated near VG the resualt e were fareely the o

TR, Rozsa, M, Janossy o Lo Csilloe, and 10 Bereou, Phys. Lett. 63\

251, 1977,

h. Rossa, KNERNE 197 05 voo by oand KPR Tusooos ) pe To,

v
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regardless ot the tube used. Clearly, there is some element of opera-
tion thut we have not been able to identify, but we can conclude that

HAC 1s not as straightforward a device as the literature would suggest.

Protfessional Personnel Associated with ‘This Fffort

F. AL Hopf, Professor




MULTIPHOTON LASER EXCITATION OF SINGLE LLECTRON ATOMS

(W. E. Lamb, Jr.)

Objective

The objective of this study is to develop a computer program te
integrate the quantum mechanical time-dependent Schrdinger wave
equation for a one-elcectron aton in the presence of o wvery strong

field.

Progress

The work for the reporting period was devoted to writing progruns
for use on the Data General ECLIPSE S230 corputer. These programn:
will calculate the energy transter to the atom und the probabilitics
of excitation and ionization as a function of time. The paranicters
to be varied will include laser intensity, freguency, type of polur-
ization, and degree of coherence of the radiation.  Also. the inducdd
dipole moment of the atom and its Fouricer components will make it
possible to study the conditions for officient generativn of very
high harmonie radiation by an artomie frequeney moliiploor. The
results of the calculations will be displayed as interactive praphs

Exploratory runs have been made and are promising.

Publicat tons and Interact ions

An account of the projected work and status was preconted to the

Joint Services visiting committee in October 1980
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Professional Personnel Associated with This Effort

Willis E. Lamb, Jr., Principal lnvestigator
Milivoj Belic, Post-Doctorual Research Associate

Invention Disclosure

No invention or patent disclosures have been made. The potential
application of the work is to the gencration of very high laser
harmonics, but it is in too early a stage to judge the outcome. The

method does not seem to have been used by other workers in the field

of multiphoton ioni:zation processes.
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